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(57) Abstract 

The present invention relates to a thin-film magnetic material comprising an organic metal compound in the shape of a molecular 
layered structure of the Langmuir-film type. This film includes a number N£l of ordered two-dimensional mono-layers of metal ions, wherein 
said metal ions are chosen from metals from the rare-earth group, preferably gadolinium. The minimum thickness of the thin-film material 
corresponds to that of one Langmuir mono-layer and is equal to 25 E when using stearic acid. The thickness of one mono-atomic magnetic 
layer of magnetic metal ions corresponds to the size of the metal atom used therein. The magnetic ordering of the material may be carried out 
in a wide range of temperatures, while said material exhibits highly stable magnetic characteristics and has a homogeneous structu**;. The 
method for producing this thin-film material comprises introducing into an aqueous phase weak and charged complexons, including 
monodentates such as acetate, as well as z-valence metal ions, provided that z>3. The ions together with the monodendate weak and charged 
complexons form neutral and low-charge complexes, whereby during the adsorption of multiple-charge metal cations said complexes prevent 
the formation of a surface electrical charge on the Langmuir monolayer as well as the formation of a volumic charge in the Langmuir-Blodgett 
films to be formed. A non-soluble mono-layer of amphophilic molecules is formed at the separation limit of the air- water phase, wherein said 
mono-layer is compressed until its compressibility factor reaches a minimal value. Langmuir-Blodgett mono-layered or multi-layered films are 
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ToHKonneHOMHHH MamiiTHbiM MaTepnan npeacTaBJineT co6oii MernjuiopniHHHecKoe coeuHHeHHe, 
BunaiHCHHoe b bhhc cjiohctoh MaiexyjiflpHoii crpyKTypM JieHrMtopoBCKoii ruieHKH c bkjiiohchh&imh b 
Hee N ^ iynopanoHeHHhiMH nByMcpHbiMH mohocrohmh hohob MCTannoB, np« 3tom b Kaiecrse kohob 
MCTamiOB HcnojibiyioT pejiKoseMenbHwe Meranjiw, b nacTHOCTH raziojiMHHH. MHHHManbHaa TOJiumHa 
TOHKoruieHOHHoro MarepHana cooTBCTCTByeT TarciiiHHe oflHoro JienrMiopoBCKoro mohocjioh m npw hc- 
no.ib30BanHH creapHHOBOH khcjiotu cocTaBJiHer 25 E. Ilpn stom TOJiuwHa ohhoto MOHoaroMHoro Ma- 
ra HTHoro aioa MaraHTHbix hohob Merajuia cooTBercTByer pa3Mepy aTOMa ncno^wyeMoro MeTajuia. 
MarHHTHoe ynopjmoneHHe b 3aHB/iHCMOM MaTepHane HMeeT Mecro b uihpokom nnana30He TeMneparyp. 
MaTepHan o6nanaeT bbicokoh cra6HnbHOCTbio ManiHTHbix cbohctb h o^HOponHOCTbio crpyKTypu. 

Cnoco6 nonyMeHHa TOHKoruieHOHHoro MaTepwana 3aKJHOHaeTCfl b tom, hto b BOiiHyio ^taiy bbohht 
cna6bie 3apaaceHHbie KOMnneKCOHbi, b tom nncne MOHOiieHTaTHbie (HanpHMep, aueraT), w hohm z-Ba- 
jiCHTHbix MerajuiOB, rae z 3. Hohm o6pa3yrar co cna6biMH MOHOfleirraTHbiMH 3apa)KeHHb!MH komii- 
/ickcohbmh HeHTpanbHbie h cna6o aapjiaceHHbie KOMimexcb!, npenjrrcTByiowHe o6pa30BaHHK> npH anco- 
p6uHH MyjibTH3apaflHbix kbthohob Merajuia anexTpHMecKoro noBepxHocTHoro 3apaaa Ha JieHrMiopoBC- 
kom MOHOcnoe h o&beMHoro 3apjwa b $opMHpyeMbix ruieHxax JleHrMfopa-EjioflHcerr. 3aTeM Ha rpaHH- 
ue pasaena Boaayx-BOAHaH cj)a3a ^opMHpyror h epacTBo p h m w h mohocjioh aM^wJiHJibHbix MOJiexyji, 

CXHMaiOT MOHOCJIOH flO flOCTHXeHHfl MHHHM£WbHOrO 3HaM€HHH K03t))C|)HUHCHTa CXHMaeMOCTH MOHOCJIOH, 

aanee H3BecTHbiM cnoco6oM ocymecranflroT $opMHpoBaHHe moho- hjih My/ibTHCJioHHbix iuieHox JleH- 
rM ropa- BjioflxeTT. 



Koau, Hcnojxbayeuue mia o6o3HaneHHH crpan-<uieHOB PCT Ha Twry^bHux hhctex 6pom»p, b KOTopux 
nydjnDcyiOTca MexgyHapoAHhie aaflBKH b cooTBercTBHH c PCT. 
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ToHKonjieHOHHMH MannrrawH MaxepHaji h cnoco6 nojiyMerain 
TOHKonjieHOHHoro ManiHTHoro MaTepnajia 

06jiaCTb TeXHHKH 

5 H3o6peTeHiie othochtch k TOHKon.ieHOHHbiM MarHiiTHbiM MaTepMa.iaM, a 

Tax>Ke k cBepxTOHKMM noKpbiTHHM h Mo^ceT 6biTb Hcno;ib30BaHO t HanpuMep, flJIH 

pa3pa60TKH (|)yHKUHOHa.lbHbIX SJieMeHTOB B 3.ieKTpOHHKe, HaHOTeXHOJIOrMH, B 

ycTpoHCTBax MHTerpajibHOH onraKH, HejiHHeiiHo-onTKMecKHx cHCTeMax, MarHHTO- 
orrrifHecKHX CHCTeMax, a TaK^ce jxm co3ZjaHHfl 3,ie.MeHT0B MarHHraoft naMHra, 

10 CBepXTOHKHX MarHHTHblX nOKpblTHH H flOKpblTHH C 3aaaHHbIMH CBOHCTBaMH, B TOM 
HHCJie 3aUIHTbI pa3JIHHHbIX noBepxHocrew. 

npeamecTByromHM ypoBeHb tcxhhkh 

M3BecTHa 4)eppHTOBafl n.ieHKa, H3roTOB^eHHan no cnoco6y no;iyMeHHfl 
15 4)eppnTOBbix n-ieHOK (a.c. CCCP N 839405 MKH H01F 10/10), KOTopa* 

MOttCeT 6bITb HCn0.flb30BaHa npH H3rOTOB.ieHHH HHTerpa.7bHbIX cxeM CBH- 

OTana30Ha, 3,/ieMeHTOB naMHTH 3BM. Ilo ^aHHOMy cnoco6y no-iynaiOT nneHKH 
cjDeppMTOB cocTaBa NiFe20 4 (uinHHejib) w Y3Fe 5 O l2 (rpaHai) TOJimHHow 50-500 
mkm na OT3jieKTpMHecKMX nofljiOHocax. n.Ta3MeHH0-HanbKieHHa5i n.ieHKa hmcgt 
20 oAHOcJ)a3Hyio cTpyKTypy h o6;iasaeT Tpe6yeMbiMH 3;ieKTpoMarHHTHbiMH 
xapai<TepHCTHKaMH. HeaocraTKOM 4)eppHTOBoii n/ieHKH, no.iyneHHOH sthm 
cnoco6oM, HB^fieTCH to, hto n:ieHKa He Mo>KeT 6biTb H3roTOBJieHa aocraTOHHO 

TOHKOH. M HHMMa.TbHaH TOJHUHHa 3TOH n^GHKH 50 MKM, MTO He n03BO.THeT 

Hcno;ib30BaTb ee jx.ix co3AaHH* c|)yHKUHOHa:ibHbix 3.ieMeHTOB b 
25 nanoTexHO jiothh . 

M3BecTCH TOHKon.ieHOHHbiii ManiHTHbiH MaTepna-i (a.c. CCCP N 
1601644, MKH HOIF 10/10), noyiyneHHbiM na ocHOBe opraHHHecKHX 

COe^HHeHHH H npeSHa3HaHeHHbIH ZUH 3,/ieMeHTOB C^yHKlIHOHa.lbHOH 3-ieKTpOHHKH . 

M3BecTHbiH MaTepHa^ coAep>KHT opraiiHMecKoe cBH3yiomee - aMHHoyKcycHyio 
30 KHc/iOTy h MeTaJiwi - ra/iojiHHHH, KOTopbie o6pa3yiOT xHMHnecKoe coeaHHeHHe - 
reKcar^HUHHorazio^HHHHcy.abcJjaT. Ero nojiynaioT XHMHHecKoii peaKUHefi boahoto 
pacTBopa cy^bcJ)aTa razioJiMHHH h iviHUHHa. rio^yMeHHWH MaTepnaji b BWie 
nyieHKH tojiuzhhoh 0.5-0.6 mkm Ha pa3JiHHHbix no#;io>KKax HeTOKCHHeH h 
o6^a/iaeT racTepe3HCHOH neTJieii, T.e. c£>eppoMarHHTHbiMH cBOMCTBaMH. 
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HesocraTKOM 3Torp MaTepnajia ^bjihctch to, hto n-iemcM nojiynaioT H3 
CTeK-ioBHzmoH Maccbi khc/ioto MimHHaTa cy^bc|)aTa ra/^o jihhhh , BbicyuieHHoro 
npH 100-120° C, b pe3y^bTaTe nero npexejihnan MHHHMajibHaH TOJUUHHa 
no-iyMeHHOH n.ieHKH cocraB;iHeT 0,5 - 0,6 mkm, mto He no3Bo;meT Hcno:ib30BaTb 
5 ee jwn co3aaHMH (£>yHKUHOHa;ibHbix 3,ieMeHTOB b HaHOTexHo:iorHH, KpOMe 3Toro 

TOHKOniieHOHHblH MarHHTHbIM MaTepMajI HC 06jiaiiaeT BblCOKOH OAHOpO^HOCTblO 

CTpyKTypbi, hto npHBo/iHT k hh3koh cTa6HJibHocTH (J)eppOMarHHTHbix napaMeTpOB 

H MarHHTHblX CBOHCTB. 

H3BecTeH TOHKon-ieHOHHbiw MarHMTHbift MaTepna-i Ha ocHOBe njieHKH 
10 JleHTMiopa-BjiojpKeTT cTeapaTa MapraHiia h cnoco6 no-iyneHMfl AByMepHbix 
MaraeTHKOB c ncno;ib30BaHHeM MeTO^a JleHrMiopa-B-Tozwerr (aBTop M. 
Pomerantz, >KypHa.i "Surface Science", 1984 r., t.142, cTp. 556-570), b kotopom 

-leHrMIOpOBCKyiO n.ieHKy H3rOTaB-lHBa.lH CTaH^apTHblM MeTOZlOM, 3aiCIIOHaBmHMCH 

b c{)opMHpoBaHHH Ha rpaHHiie pa3ae;ia B03ayx - Bo/maa c})a3a HepacTBopnMoro 

15 MOHOC.lOa aM4)HCj)H.TbHbIX MOJieKy.l CTeapHHOBOH KHCJIOTbl, OKaTHH MOHOC/IOH, 
BepTHKa-lbHOM norpyKeHHH TBepflOTClbHOH nOAJIO>KKH, H3rOTOBJieHHOH H3 
nOJIHpOBaHHOrO MOHOKpHCTaJLlHHeCKOrO KpeMHHH , B BOAHblH pacTBOp C 

BezieHHbiMH b Hero HOHaMH MapraHiia. HeaocraTKOM 3Toro MaTepna;ia HB;meTCfl 
HH3i<an TeMnepaTypa nepexo^a b MarHHToynopnaoHeHHoe cocTOHHHe (~4 K), mto 
20 Ae.iaeT n paKTHHe c kh h e bo3 m o >kh bi m ero mnpoKoe npaicnfnecKoe Hcnojib30BaHHe. 

PaCKpMTHe H306peTeHHH 

3aaaneH Hacroflmero H3o6peTeHHH flBJineTca co3aaHHe CBepxTOHKoro 
n.ienoMHoro MarHHTHoro MaTepna^a, KOTopwit k TOMy >Ke nonyKen o6jianaTb 

25 BblCOKOH CTa6H.lbHOCTbIO MarHHTHblX CBOHCTB H OAHOpOflHOCTblO CTpyKTypbi. 

/IpyroH 3a^aMeH ziaHHoro H3o6peTeHHH hb^hctch co3^aHHe cnoco6a 
H3roTOB.ieHHH CBepxTOHKoro njieHOMHoro MarHHTHoro MaTepna.ia, 
o6ecneMHBaiomero nc/iyneHne n;ieHoi< c oaHopo^HbiMH roMoreHHbiMH no 
CTpyKType mohoctohmh, o6;ia;iaiomHX TaioKe bhcokoh TepMocra6H;ibHocTbio. 

30 riepBa^ 3anaMa peuiaeTCH HacroHiiiHM H3o6peTeHHeM 6;iaroziapfl co3flaHHK) 

TOHKonjieHOMHoro MarHHTHoro MaTepnajia, KOTOpbin npeflcraBJineT co6oh 
MeTaji^opraHHMecKoe coeAHHeHHe, BbinoJiHeHHoe b BH/ie cjiohctoh MOJieKyjiHpHoii 
CTpyKTypbi JieHTMiopoBCKOH n.ieiiKH c BKJiiOHeHHbiMH b Hee N > 1 
ynopHAoneHHbiMH AByMepHbiMH mohocjiohmh hohob MeTa;i;ioB (rzie N - 

35 KOJiHHecTBO x^oes hohob MeTajuioB) , npn 3tom b KanecTBe HOHOB MeTaJIJIOB 
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Hcno-ah3yioT hohm pezu<o3eMe.ibHbix mctsji jiob , b nacTHocTM raziojmmifl. Hapn/iy 
c HOHaMM peAKoaeMe-ibHbix MeTajuioB b MaTepnaji MoryT 6biTb BBezieHbi HOHbi m 
Apyrax 3jieMeHTOB, TaKMX KaK me.ioMHbie MeTa^jibi m nepexoaHbie 3JieMeHTbi. B 
KanecTBe opraHHHecKoro coeaHHeHHfl MoryT 6biTb ncno.ib30BaHbi >KHpHbie 

5 KHCTOTbl H.TO aMC^HC^H.lbHbie npOK3BOjlHbie (|)Oc4)OpHOH KHCJIOTbl. . 

06/[aAai01UHH yKa3aHHbIMH OC06eHHOCTHMM 3aHBJIHeMbIM TOHKOn.ieHOHHblH 

MarHHTHbifi MaTepHa.i npeflcraBJiHeT co6om cBepxTOHKyio MeTa.i^opraHHHecKyio 

MarHMTHVK) n.TCHKy, MMHMMa-lbHaa TO^mMHa KOTOpOH COOTBeTCTBVeT TO.UUHHe 
OAHOrO JieHrMIOpOBCKOrO MOHOCJIOH H lipVl HCIIO;ib30BaHHH CTeapHHOBOH KHCIOTbl 

10 cocraB;ifleT 25 E. IlpH 3tom TcnuHHa ozmoro MarHHTHoro ctoh cooTBeTCTByeT 
pa3Mepy aTOMa wcno-ib3yeMoro MeTaxia, mto cocTaBwineT 4>n3HHecKHH npezie.i 

yMeHbUieHHH TOJIUHMHbl MarHHTHOTO C.IOH. MarHHTHOe VnopHZlOHeHHe B 3TOM 

MaTepnaie HMeeT MecTo npH TeMnepaTypax Bbiuie KOMnaTHOH (b c/iynae hohob 

ra/IOJIHHHH AO 470 K), npM 3TOM 3a5IBJIHeMbIH TOHKOnJieHOHHblH MarHHTHbIM 

1 5 MaTepna-i o6jiaaaeT BbicoKoft cTa6n;ibHocTbio MarHMTHbix cbohctb w 

OOTOpOAHOCTblO CTpyKTVpbl. 

Cnoco6 nojiyneHHH 3aHBJineMoro TOHKonjieHOHHoro MaTepusuia 
3aK.iionaeTCH b c[)opMMpoBaHHH miaHapHoft MeTajiJi-coaep^aiueM MOJieKyjinpHoft 
CTpyKTypbi (n-ieHKH JIeHrMiopa-B;io£>KeTT) h BicnonaeT nepeHoc mohoctoh 

20 opraHKHecKHx MOjieKy.i c noBepxnocra boahoh 4)a3bi Ha nozuo>KKy. CxeMa 
cj)opMMpOBaHHH n.ieHKM npHBe^eHa Ha cjmr. 1. CyuiHOCTb H3o6peTeHHH 
3aKJiioHaeTCH b peuieiiHH npo6;ieMbi nojiyneHMfl Bbicoi<oynop^oHeHHbix 
OAHOpoAHbix n-ieHOK .leHrMiopa-5jioA>KeTT, co/iep>KamHX My-ibTHB&/ieHTHbie (z > 
3) KETHOHbi MarHHTHoro MeTa.uia. 

25 3Ta npo6-ieMa cBH3aHa c Heo6xoziHMocTbio c£>opMHpoBaHHfl 

BbicoKoynopHAOMeHHoro hcxoototo mohoc.ioh Ha noBepxHocra bootoh $a3bi. 

y nOpHAOMGHHOCTb , OAHOpOAHOCTb H CTa6HJIbHOCTb CTpyKTypbi MOHOClOfl Ha 

rpaHHixe pa3iie.ia Bo/wan c})a3a-B03flyx onpeaejiaeTCH npwpozioH h 4>a30Bbi>i 

COCTOHHHeM aMC^HC^H-lbHblX MOJieKyjI, 06pa3yK)mHX MOHOCJIOM, a TaK>Ke COCTaBOM 

30 BOflHOH 4 >a3bI - BapbMpoBaHiie hohhoto cocraBa bozihoh cy6c£)a3bi Bbi3biBaeT 
cymecTBeHHbie n3MeHeHHH c£>a30Boro coctohhhh mohocjioh, coAepxcamero 
MOJieKyjibi, cnoco6Hbie MeHHTb 3apna noiinpHOM rojiOBbi b pe3y/ibTaTe 
B3aHMO/ieHCTBM^ c KOMnoHeHTaMH boahom <£a3bi. M3BecTHO, mto npHcyTCTBite 
ZlByxBajieHTHbix mohob (HanpHMep, MapraHua) b boahoh $a3e cymecTBeHHo 

35 noBbiuiaeT cTa6mibH0CTb /IeHrMiopOBCKoro mohocjioh, cABHraeT cf)a30Boe 
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cGCTOflmie mohocjioh b cxopoHy TBepaoft 4>a3bi (KOHZieHCKposaHiie mohoc.ioh), 
TeM caMWM yMeHbinan kojihhcctbo crpy rcry pHbi x £ec£>eKTOB t noBbiuiaeT 
TepMocTa6w^bHocTb MHorocjioiiHbix n;ieHOK JleHTMiopa-Bjiozi^ceTT, coAepncaiUHX 
ziBVXBa.ieHTHbie KaTHOHbi. TaKHe n.ieHKH n.iaBHTcn npH T > 100 °C h 
5 paapymaiOTc* npH T~ 150 °C. TaKHM o6pa30M, TepMocra6n;ibHOCTb n;ieHOK, 
coziepncaiuHX ABVXBa:ieHTHbie hohw, HeAocraTOHHO BbicoKa no cpaBHeHHio c 
3aHBJineMbiM MaTepwa;ioM. 

BaxcHOM 3a/jaMeM hb.ihctch cf)opMMpOBaHHe OAHopoaHoro ro.MoreHHoro no 
CTpyKType mohoc^oh (6e3 oAHOBpeMeHHoro cyiuecTBOBaHHH b hcm aomchob 
10 pa3,iHMHbix 4)a3 hjih pa3JiMMHbix cTpyKTy p , hb^hiouihxch no CBOeM CVTH 

AecJ)eKTaMM CTpyKTVpbl MOHOCJIOfl). HeOOTOpOAHOCTb CTpVKTVpbl Mcxozmoro 

/ieHrMiopoBCKoro mohocjioh Ha noBepXHOCTH boahoh cy6cj)a3bi b npHHUHne 
HCK.noMaeT B03MO>KHOCTb no./iyHeHHfl BbicoKoynopH^OHeHHbix n^ieHOK JleHrMiopa- 
BjiOAEceiT. AHa,iM3 M30TepM c^caTHH MOHOcaoeB no3BoaneT onpezie-iHTb 
15 cocTOHHHe mohocioh, CTpyKTypHbie h cJ)a30Bbie npeBpauueHHH MOJieKy-iapHOM 
MaTpHiibi mohoc-ioh npH H3MeHeHHH ero n.ioiuazm, a TaioKe npoHcxoAHinne b 

pe3V.lbTaTe B3aHMOAeKCTBHH MOJieKy.l MOHOC^OH C KOMnOHeHTaMH BOAHOH cf)a3bl. 

3th H3MeHeHHH coctohhhh mohocioh npoHB.iHioTCH b BH£e xapaicrepHbix 
oco6eHHocTen na H30TepMax cxeaxHH (<$wr.2). OopMa H30TepM c>KaTHH 
20 cymecTBeHHo pa3.iuHaeTCfl zuh MOHoc.ioeB, o6pa30BanHbix pa3.™nHbiMH ho CBoeii 

npHpO^e aMcjDHC^H.lbHblMH MO.ieKV JiaMH , a TaK>Ke /IOKa,lH30BaHHbIX Ha pa3.7HHHWX 
Cy6cf)a3ax. IlpH CXCaTHII MOHOOnOH B03MO>KHbI C^a30Bbie II CTpyKTVpHbie 

nepexoAbi, npHBoztfimne k HecTa6njibHOCTH mohocjioh u HeoAHopoAHOCTif ero 
CTpyKTypbi. Cpe^HHH Be.iHHHHa cJ^iyicryaiiHii o6*beMa CHcreMbi nponopuMOHa.ibHa 

25 OKHMae.MOCTH . MOHOCJIOfl K03(j)(f)HlIHeHT OKMMaeMOCTM K: 

K = -1/A (dA/dP)] 
me A - n-iomazib mohoc^oh, P - noBepxHocraoe ziaBJieHHe. 

OnTHMa.ibHbie ycjioBHH jxnn nepeHOca mohoc/ioh Ha nozi.TO>KKy 

Bbl6Hpai0TCH HCXOAH H3 MHHHMajIbHOrO 3HaH6HH5I BeJIKHHHbl K. 3a CMCT 3TOrO 

30 AOCTHraeTCH MaKCHMajibHO ynopHAOHeHHaa cipyKTypa mohocioh (c^yiyicryauHH 

n^OmaAH A MHHHMaJIbHbl, T.e. MHHHMaJIbHbl (J)JiyKTyaiIHH y.ibTpacTpyKTypbi 
MOHOCJIOH H ee flecj)eKTHOCTb). 

H3 (j)MI\2 BHAHO, MTO B3aMMOfleHCTBHe TpeXBaJieHTHblX HOHOB TkUXOAHHHH c 
MOHOCJIOeM BbI3bIBaeT CymeCTBeHHbie H3MeHeHMH COCTOHHMH H CBOMCTB 

35 noc/ieAHero. * 3HaMHTejibHO yMeHbiiiaeTCfl cxcMMae.MocTb mohoc/ioh 
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(nponopuHOHajibHan 5A/5P), hto cBMiieTejibCTByeT o ero 6o;iee 
KORaeHCHpoBaHHOH crpyicrype. XapaicrepHbiH cab Mr KpHBoii 2 Ha (J)Hr.2 

OTHOCHTeJIbHO KpHBOH 1 (KOHTpOilb) B o6^aCTb 6o.1bIHHX Be/IHHHH A o6yC^OB-TCH 

a.ieicrpocTaTHMecKHMH cj^aKTOpaMH - cymecTBeHHbiM yBC.viHCHMCM noBepxHOCTHoro 
5 3apnaa mohocjioh b pe3y.ibTaTe aacop6uHH mohob Gd 3 "\ Bo^Haa c£a3a nojx 

JieHrMIOpOBCKHM MOHOCJIOeM COAep^CMT My-lbTH3apHZlHbie HOHbl peAK03eMe./IbHbIX 

MeTa.ijioB (z > 3), npH stom nponcxoziMT aacop6uHH mohob MeTaxia H3 boahom 
4)a3bi Ha noBepXHOCTb jieHmiopoBCKoro mohoc-ioh h bo3mo>kho cymecTBeHHoe 
yBe^KMeHMe 3apfl#a noBepxHOCTH mohocioh. IlpM c{)opMHpoBaHHH 

10 JleHrMiopOBCKOH n.ieHKH nyTeM nepeHeceHHH Ha noiuo>KKy 3apHHceHHoro 
mohoc.ioh B03MOHCHO nojiyneHHe He CKOMneHCHpOBaHHoro 3apn^a B C./IOHX 
n-aeHKH, hto no Mepe ero HaKoriJieHMH b xozie HapainMBaHHH Ko.iMnecTBa 
HaHocHMbix cioeB, npHBe^eT k cooTBeTCTByioiueMy VBe.iHHeHMio aHepran 
3JieKTpocTaTKHecKoro oTTa/iKHBaHHfl JleHrMiopOBCKoft n-ieHKH m noBepxHOCTHoro 

1 5 mohocjioh h cae-iaeT HeB03MO>KHbiM Aa^bHeHiuee ac^eKTHBHoe HaHeceHHe aioeB m 
npHBe^eT k ziecJ^eKTaM CTpyKTypw njieHKH . CymHOCTb 3a^B.iHeMoro cnoco6a m ero 

OTJIHMHe OT H3BeCTHbIX CnOC06oB 3aKJIIOHaeTCH B AOnOJIHHTe.lbHOM 4)OpMHpOBaHHH 
B BOAHOH C{)a3e HeHTpa.lbHbIX h/m.IM C.ia603ap5IMCeHHbIX KOMTUieKCOB MOHOB 

noiiMBaneHTHoro Merajbia (HanpHMep, c;ia6bix MOHOAeHTaTHbix KOMnjieKcoB c 

20 aiieTaTOM, UHTpaTOM U T.A-). npH B3aHMO£eHCTBHM TaKMX KOMn.ieKCOB c 

-leHrM iopoBCKMM MOHOC-aoeM npOMcxo^HT 3JieKTpoHeMTpajibHoe 3aMemeHHe 
jiHraHaoB (HanpMMep, aueTaTa) na uenTpbi cBH3biBaHH5i mohoc/ioa, mto 
o6ecneMMBaeT 3.ieKTpoHeitTpa^bHocTb mohoc-ioh b npouecce ero HaHeceHHH h 
c})opMMpoBaHHe BbicoKoynopH^oHeHHbix MeTa.i.icoAep>KaiixMx n/ieHOK JleHraiopa- 
25 B.io/i>KeTT 6e3 o6pa30BaHHH m HaKon,ieHHH b hmx o6beMHoro a.ieicrpHHecKoro 
3apnaa. 

C ynopHAOMeHHOM nOBepXHOCTblO MOHOCJIOfl MOrVT B3aHMO£eHCTBOBaTb 

Haxo-jHiuMecH b boahom $a3e npoTMBonojio^cHo 3apn>KeHHbie MOHbi MerajLia c 

06pa30BaHHeM HOHHblX M KOOpAMHaUMOHHblX CBH3eH. KoHUeHTpailHH MOHOB 

30 MerajiJioB b boahom 4>a3e cocTaBJifleT ot 10~ 6 no 10~ 3 M. Mohoc^om c 
a/icop6HpoBaHHbiMM Ha HeM HOHaMH MeTa-uia noa>KHMaeTCH ao 3HaneHHH 

nOBepXHOCTHOrO AaBAeHHH, COOTBeTCTByiOlUHX AOCTM>KeHHIO MMHHMaJIbHOrO 
3HaMeHMH K03Cj)cJ)HUHeHTa OKHMaeMOCTM MOHOCJIOH, H nepeHOCHTCH Ha 

no/iroTOB^eHHyio TBepAOTe;ibHyio noA.ioKKy M3BecTHbi>i mctoaom Jlenraiopa- 

35 B^Ofl>KeTT M/IM ero pa3HOBHAHOCTHMH. B paCTBOpe HapH^y C BBeAeHHblMH MOHaMM 
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peOKoaeM^ibiaix MerajuoB Moryr npHcyxcTBOBaxb apyrne mohm, Koxopue Moryx 
aAcop6HpoBarbai Ha mohoc^oh h xaKace BmawaTboi b cxpyicxypy 
TOHKoiuieHOHHoro MarHHTHoro waicpiiajia. B peay.-ibxaxe H a noBepxHocxn 
TBepiioTe.ibHOM ro^ohckh cpopMnpyexc* cxporo jByMepHaa n.ia H a P HaH 
5 MerajucQflep^cainM .iCHrM lopoBCKan n.ieHKa. BbicoKa* cxeneHb ynop^oneHHOCTH 
MOJieKyjinpHOH cxpyKtypb! nnemai „ ^ByMepHbift c.*>HCTbiH xapaicxep 
pacno.ao> K eHHH b weft MarHHXHbix hohob o6ecneMH B aioT boshhkhobchhc b t3khx 
ruieHKax hobhx no. TC 3Hbix cbohctb, cymeciBenHo ox-iHHaiouiHx hx ox 

COOTBeTCXBVKHUHX MCTiLUOB H flpyrHX HOHHblX COeaHHeHHH, B HacXHOCXK, 

10 BbicoKan aHH3oxponHfl h B03HHKHOBeHHe MarHHXHOH ynopnaoHeHHocxH n P H 
oxHocHTe.ibHo bwcokhx TeMnepaTypax. 

no^ynaeMbie raioiM cnoco6oM cxpyKxypw npescxaB.iHiOT co6oh n.iocKHe 
OTyMepHbie oanoaxoMHbie c.ioh MarHHTHbix hohob Mexa.-i.ia, BioiioneHHbix b 

CXpyKTypy My.lbTHC/IOHHblX neHFMIOpOBCKHX naeHOK H3 OpraHHKeCKHX 

15 a.McpHcpH.ibHbrx MOJieKv.x n pH 3tom hohw Mexa^a .ioKa.™ 3 oBaHbi b oe^iacTH 
no^pHbix cpparMeHTOB aMcpHtpn.ibHbix MOJieKy.7, c KoxopbiMH ohh o6pa 3yro T 
KOMn.ie K cbi b pesy.ibTare CBH3biBa H H* h 3 boahoh cpa 3 bi <<pHr. 16) . PaccroHHHe 
Me>Kjy dOHMH no^HpHbix rpynn aMcpncpH.ibHbix Mo.ieKV.T b >i H oroc;ioHHOH 
crpyKxype .leHHMiopoBCKHx h.^hok crporo *ere P MHHHpoBaHo crpoeHHeM 

20 a.MCpHCpH..bHbIX MO-ieKV.! H HX ynaiCOBKOH B CTpyKType MV.rbXHC.IOHHblX n^eHOK, 

Koiopoe b ciyMae iieHrMiopoBCKHX n.ieHOK acnpHbix khc^ot (crpyicrypbi Y rnna) 
cocxaBHHex 50 E. Ko.ihhccxbo c.ioeB N MarHHTHbix hohob b mhopoc.iohhoh 
.lenrMiopoBCKOH n/ieHKe «a ojnoii noa.wacKe mojkct 6biTb socraroHHo 6o;ibuiHM 
(or 1 A o Heci<o;ibKHX coxeii h 6o.iee), npn stom crporo BbmepacHBaexc* 

25 napa.i.ie.ibHocxb c.ioeB b CTpyKType n.ieHKii. 

to ue.ietf /taHHoro H3o6pexeHHH npHHUHnna-ibHo Ba^KHO nojiyneHHe 
aocxaroHHo n.7oxHOH ynaKOBKH aacopdHpoBanHbix MarHHTHbix hohob H a 
noBepxHocTH mohocioh (h, cooTBexcxBeHHo , b CTpyKType njieHKH JkHrMiopa- 
Bjio^erx), nocKo^buy ox paccroHHH* Meagjy hoh3mh Mera^a sasncHT hx 

30 BsaHMoaeficxBHe h MarHHTHoe ynopa^oneHHe b nojiyneHHOM Marepna^e. B cb*3h c 
sxhm b KanecxBe aMcpncpn.abHbix coe/tHHeHHH (popMnposaHH* 

^eOTMIOpOBCKOrO MOHOCJIO* C 6o,IbIIIOH lUIOTHOCTblO MecX CBH3bI B aHHH 

uejiecoo6pa3Ho Hcno;ib30BaHHe MojieKyyi, sanHMaiomnx H a noBepxnocxH 
no^axoro mohoc^oh bosmohcho MeHbuiyio n^oma^b, xannx k&k * H p H bi e 
35 KHOioxbi hjih aM(pH(pHJibHbie npoHSBOflHbie cpoccpopHoft KHoioxbi (HanpHMep, 
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opraHoc})oc(|30HaThi ; organophosphonate, cj)occj)oajiKaHoaTbi). 

B 3aHBJineM0M cnoco6e nojiynemifl TOHKon/ieHOHHoro MaTepna;ia hjih 

cj)OpMHpOBaHWH MOJieKyJIflpHOH MaTpHUbl JieHrMIOpOBCKOH nwieHKii iicno;ib3yiOTCH 

TaKHce MOJieKV.ibi, coaep>KaiiiHe no/iMMepH3yeMbie XMMHHecKHe rpynnbi. Flociie 
5 4)opMHpoBaHHH .leHrMiopoBCKoro mohoc.ioh ii/win MeTa.icoAep>Kameu n-ieHKii 
JleHrMiopa-5-iozi^ceTT /jonojiHHTe-ibHo ocyuxecTB^HioT no;iHMepH3auHio 
MOJieKyaHpHoii cTpyicrypbi mieHKM c ue/ibio noBbimeHHH ee TepM0CTa6n;ibH0CTH h 

yCTOMMHBOCTH. 

CymecTBeHHbiM ot-ikhmcm h npenMymecTBOM 3aHB^neMoro 
10 TOHKon.ieHOHHoro MarnHTHoro MaTepnajia no cpaBHeHHio c TpazuiimoHHbiMH 
MarHHTHbiMH ujiqhk2lmh hb^hctch npHHUHnnajibHafl BO3Mo>KH0CTb nojiyqeHHH ero 
B BHZie aa>Ke ozmoro ynopflfloneHHoro asyMepHoro mohocioh MarHHTHbix hohob, 
BK.aioneHHbix b cioHcryio Mo^eKV-inpHyio crpyicrypy /ieHrMiopoBCKoii n.ieHKH, 

4T0 HeilOCTHHCHMO ApyrHMH MeTOZiaMH, BIOIIOHafl COBpeMeHHbie MeTOflbl 

15 MOJieKV.lHpHO-^yMeBOH SnHTaKCHH. 

BiciioneHMe b CTpyKTypy njieHOK My:ibTHBa;ieHTHbix (Z > 3) KaTHOHOB 

MeTa.7-10B, B MaCTHOCTH TpeXBaaCHTHblX MarHHTHblX HOHOB peAK03eMeJIbHbIX 

MeTan.ioB, o6ecneHHBaeT BbicoKVio cTa6H.ibH0CTb MaTepna.,ia. Tai<, nojiyneHHbie 
njiemoi cTeapaTa raAOJiHHHH npn narpeBaHHH jxo 500 K m noc.ie/iyiomeM 

20 ox.ia>KzieHMii 30 KOMHaTHoii TeMnepaTypbi He MeHHJin cyiiiecTBeHHO cbohx 
cbomctb. ToHicon^eHOHHbiH MarHMTHbiH MaTepna;i Mo>KeT 6biTb noiiyneH Ha 
AOCTaTOKHo r^a^KOH TBepAOTe.ibHon no^.io>Ki<e, o6ecneHHBaioaieH (^opMHpoBaHHe 
njiocKwx c.ioeB mohob peAK03e.Me;ibHbix MeTa.i-ioB b CTpyicrype HaHeceHHbix Ha 
noA-io>KKy ^enrMiopoBCKHX n.aeHOK. 

25 06iummh cymecTBeHHbiMM npH3Hai<aMH 3aflBJineMoro cnoco6a h M3BecTHoro 

hb/ihiotch c.ie^yioiUHe: b Bo/wyio 4>a3y bboaht HOHbi MeTa.i;ia, cJ)opMHpyiOT na 
rpaHHue pa3fle;ia B03£yx - BOflHaa c£a3a HepacTBopHMbiH mohocjiom 
aM(|)H4)H^bHbix Mo;ieKyji, OKMMaioT mohocjioh, npoH3BOfl*T norpy>KeHHe 

TBepAOTe.lbHOH riO/MOHCKH B BOflHyiO Cj)a3y C HaXOAHUIMMCH Ha nOBepXHOCTH 

30 boahoh cj)a3bi MOHOc^oeM c ascop6HpoBaHHbiMH Ha Hero HOHaMH MeTa;i/ia boahoh 
cj)a3bi . 

OTJiiiMHTejibHbiMH cymecTBeHHbiMM npH3HaKaMH 3aHBJiHeMoro cnoco6a B 

CpaBHeHHH C H3BeCTHbIM HBJIfllOTCH C/ie/iyiOmHe: B BOZUiyiO <^)a3y AOnO^HHTCJIbHO 

bboaht c^a6we MOHO/ieHTaTHbie 3apn^ceHHbie KOMn JieKcoHbi , HanpHMep, aneTaT, 
35 npHneM b Bozmyio (J>a3y bbo/iht hohw z-BajieHTHbi x MeTa^uioB (pe/iK03eMe,ibHbix) t 
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(z > 3), HOHbX KOTOpblX o6pa3VIOT CO C- T ia6bIMM MOHO/ieHTaTHblMH 3apH^CeHHbIMM 

KOMruieKcoHaMM HeiiTpa^bHbie m c;ia6o3apHHceHHbie KOMn-ieKcbi, a oKarae 
HepacTBOpMMoro mohocjioh ocymecrBJiHioT £o Aocra^ceHMH MHHHMajibHoro 
3HaneHMH Koac^cjDHUMeHTa c >k mm acM octm mohoc/ioh. 

5 

KpaTKoe onncaHHe (j)Hryp h HepTeaceH 

CyuiHocTb M3o6peTeHHH h AocTiiraeMbiii pe3y^bTaT noncHHiOTCH Ha 
c/ieayioiuHx nepTexcax. 

Ha 4)Mr.la) cxeMaTHnecKH n3o6paaceH cnoco6 cj}opMHpOBaHHH 
1 0 MyjibTHCJiOHHoii MeTa;i:icoziep>KameH n.ieHKH 7IeHrMiopa-B.ioa>KeTT; TeMHbiMM 
Kpy>Ki<aMM o6o3HaMeHbi hohw raao;iHHHH, cBeTJibiMH Kpy)KKaMH nc/inpHbie 

TOJIOBbl MO^eKy-1 CTeapHHOBOH KHCJIOTbl. 

Ha <$urA6) cxeMaTHnecKH M3o6pa^cena crpyicrypa nojiynaeMOH 

MeTa.wco^ep>KameH nneHKM .HeHrMiopa-5;io/UKeTT. 
15 Ha c|)Hr.2 npeAcraBJieHbi H30TepMbi oicaTHfl mohoc.ioh creapHHOBOM 

KHCJioTbi Ha bozihoh cy6<})a3e: KpHBan 1- KOHTpo.ib (HHCTaa Bozmafl c£>a3a b 

oTcyTCTBHe hohob Gd 3+ ); KpHBan 2 - pacTBop x.iopn^a raflo.raHH*, 

KOHueHTpauHH 10~ 4 M, pH = 4,5-4,8; KpHBaa 3 - pacTBop aueTaTa raziojiHHHH 

KOHueHTpauHH 10~ 4 M, pH = 4,5-4,8. 
20 Ha c£>nr. 3 H3o6pa>KeHa TeMnepaTypHaii 3aBHCHMOCTb I hhtchchbhocth 

cMrHa.ia s.ieKTpoHHoro napaMarHHTHoro pe30HaHca (3I1P) TOHiconJienoHHoro 

MaTepna.ia. 

Ha (£>nr.4 npezicTaB.ieHa TeMnepaTypHan 3aBHCHMOCTb uinpMHbi AH cneKTpa 
3nP TOHKon.ieHOHHoro MarHHTHoro MaTepwajia. 
25 Ha 4^Hr.5 npeAcraB.ieHa TeMnepaTypHaa 3aBHCHMOCTb g-(£>aKTopa cwrHajia 

311 P TOHKon.ieHOMHoro MarHHTHoro MaTepwa^a. 

Ha 4)Hi\6 npeACTaB.ieH HH3Kono^eBOw rncTepe3Hc cneKTpoB 
MMKpoBOJiHOBoro nor;ioiueHHfl, KpHBan 1 cooTBeTCTByeT yBe.iHHeHHio MarHHTHoro 
nojiH ot HyjiH ao MaiccHMa;ibHoro 3HaneHHH (6 k3), KpnBaa 2 cooTBeTCTBaeT 
30 yMeHbUieHHio MarHHTHoro no^H ot MaiccHMa;ibHoro 3HaneHHH no Hy.in. 

FIpHMep ocymecTBJieHHH H3o6peTeHHfl 

KiiaCCHHeCKHMM BemeCTBaMH MIX cjDOpMHpOBaHHH JieHrMKDpOBCKMX 

MOHoc/ioeB Ha rpaHwue pa3^ejia BOfla-B03Ayx hb/ihiotch >KHpHbie khcjiotw, b 
35 nacTHocTH - cTeapHHOBan KHcrcoTa. J\jih noyiyneHHH TOHKonjienoHHoro MarHHTHoro 
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MaTepwana 6biJi ncnojib30BaH pacxBop CTeapHHOBOH kmctotm (C18G2H32) b 

X.lOpOC^OpMe, KOHUeHTpaUHH 2*10* 4 M, KOTOpblH HaHOCMJICH Ha nOBepXHOCTb 

CBepxMHCTOM BO/ibi (nojiyneHHOH Ha ycTaHOBKe MilliQ 4)HpMbi Millipor), Ha 
noBepxHOCTb bozihoh cy6cj)a3bi, coaep>KameH pacTBopeHHbin x.iopiu raao;iHHHfl b 
5 KOHueHTpauwM 10* 4 M m Ha noBepxHOCTb bootoh cy6cf)a3bi c aueTaTOM ra#OjiHHMfl 
KOHueHTpauHH 10* 4 M. Be.raHHHa pH boahoh cy6c|)a3bi 6bi;ia 4,5-4,8. Hepe3 5 
MHHyT, Heo6xoAHMbix RJIH ncnapeHHH x;iopocj)opMa, MOHOCTOli nO/l>KMMa.lCH 
TecfxiOHOBbiM 6apbepoM co CKopocTbio 3 A^/ MOJieKyjiy*MHH. FIoBepxHocTHoe 
AaB^eHHe b MOHocioe P H3Mep*uiocb c noMombio BecoB Bn;ibrejibMH. 
10 npHcyTCTBiie b Bo/mow 4>a3e aueTaia h o6pa30BaHHe npH Hcno;ib3yeMOH 
BejiHMHHe pH MOHo^eHTaTHbix Cwia6o3apH>KeHHbix KOMn.ieKcoB aueiaTa ra£o:iHHHH 
Bbi3biBaeT cymecTBeHHbiH cabht P-A H30TepMbi mohoctoh b o6.iacrb MeHbiimx 
bcikhhh A (3ctxj)eKT 11 KOHA^HcaiiMH " mohocioh, Ha6jnoziaioinHHCH ;uh pH^a 

/IByXBajIGHTHblX KaTHOHOB). 3tO CBHfleTClbCTByeT 0 TOM, HTO 3-ieKTpOCTaTHMeCKHe 
1 5 B3aHMOfleHCTBHfl npH B3aHMOAeHCTBMH aiieTaTHblX KOMFLTOKCOB raAO^HHMH c 

MOHOcioeM noziaBJieHbi, a^cop6uHM hohob ra^o.iHHMH npOHCXO/uiT b xoae 
sjieKTpoHeHTpajibHOH 3aMeHbi .inraH^OB (aiieTaTa) Ha ueHTpbi cBH3biBaHMH 
mohoctoh (Kap6oKCH.abHbie rpynnbi MO.ieKy.i creapHHOBOH khciotw). ITpH 3tom 
hohm raao.iHHHH o6pa3yrc>T co;ieBbie mocthkh Mexcjy MOJieKyjiaMM creapHHOBoii 

20 KHCTOTbl, HTO H npHBO/JHT K nOBblUieHHIO TCMnepaTypbl TpOMHOH TOHKH 

mohoc/ioh, u nepeBoaHT mohoctoh b ynopfuoneHHoe KOHjeHCHpOBaHHoe 

COCTOHHWC 

MOHOCTOH CTeapHHOBOH KHCTOTbl, nOZl>KaTbIH JO BejIHMHHbl 

noBepxHOCTHoro ^aB.ieHHH P=30 mH/m, mctoaom 71 e h r m 10 pa- Bo#>kctt 
25 nepeHocHvicH Ha TBepAOTCibHyio nozuo>KKy ( nojiHpoBaHHMH Kpe.MHHH) pa3MepoM 
5-30 mm, b npouecce nepeHoca noBepxnocTiioe aaB-ieHne b MOHocioe P 
no^mep>KHBa,TOCb nocTOHHHbiM no/iBH>KHbiM 6apbepoM (cxeMa npouecca 
4)opMHpoBaHHH TOHKon.ieHOHHoro MaTepna^ia TaKHM cnoco6oM npeacTaB;ieHa Ha 
4)hi\ la). noc/ieaoBaTe.TbHbiM noBTopeHHeM nepeHoca mohocioh c noBepxHOCTH 
30 bo/ihoh 4)a3bi Ha TBepAOTcibHyio nozuio)KKy 6bvm nojiyMeHbi o6pa3Ubi, 
co^ep^camHe 1, 10, 25, 50 h 100 caoeB hohob ra^o.niHHH, HHKopnopnpoBaHHbix b 
cnoHcryio cTpyKTypy Myjibrac/iOHHbix n.ieHOK JIeHrMiopa-5/iozi>KeTT. JXjih 
xapaKTepH3auwH MarHHTHbix cbohctb noyiyneHHoro MaTepna;ia 6bin npHMeHen 
MeTOA 3^eKTpoHHoro napaMarmiTHoro pe30Hanca (3I1P), (cjwrypbi 3, 4, 5, 6 ). 
35 CneKTpbi 3I1P o6pa3uoB TOHKon^eHOMHoro MaTepwayia 6binw noJiyneHbi Ha 
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cneKTpoMeTpe 3HP-4 4>hpmm "Varian" (CUIA). B cjiynae TOHKon^eHOHHoro 
MaTepwa^a, nOwiyneHHoro nyTeM nepeHoca mohocjioh c noBepxHocra pacTBOpa 
aueTaTa raAo jihhhh t cneicrpbi 311 P CBHzieTejibCTByiOT o cymecTBOBaHHW b 
no.ivMeHHOM MaTepHa-ie MarHHTHoro ynopaaoHeHMH npn TeMnepaTypax HM>Ke 
5 KpHTKMecKOH T Q = 470 K, (cj)Hr. 3, 4, 5). MHTeHCHBuocTb ciiraana 3I1P, 
onpeaejineMaH KaK npoH3Be;ieHHe aMn^myabi CHraa.ia 3FIP ua KBaspaT ero 
uiMpHHbi (AH) 2 , b6^M3m T 0 HMeeT MaKCHMyM h yMeHbuiaeTCH KaK npw 
yBe^HMeHMH TeMnepaTypw b napaMarHHTHow o6jiacni (T > T 0 ), TaK m npw 
noHH>KeHHH TeMnepaTypw b o6;iacTH MarHHraoro ynopJuoHeHHH (T < T Q ) (cjwr. 

10 3). UlHpMHa AH cHraa-ia 3I1P ra^oJiHHMH pe3KO B03pacTaeT npH npn6;iH>KeHHH k 
T Q (cfwr. 4). OziHOBpeMeHHo Ha6jno-jaeTCfl yMeHbuieHne pe30HaHCHoro no^H 
( y Be.iHMeHiie g-<f)aKTopa, $nr. 5). TaKoe TeMnepaTypHoe noBe^eHne napaMeTpoB 
cHraa/ia 311 P xapaKTepHo /uh nepexoaa cucTeMbi napaMarHHTHbix uempoB - 
MarHHTHbix ho hob b MarHHToynopH-xoneHHoe cocTOHHHe [M. Pomerantz, 1984]. 

15 Hnace TeMnepaTypw nepexoaa b TOHKon:ieHOHHOM MarHHTHOM MaTepna;ie 
Ha6^ioziaeTCH 3aBHCHMOcn> cneicrpa MHKpOBo^HOBoro nor.aomeHHH ot ero 
Hana-ibHoro MarHHTHoro coctoahha. CneKTpbi hcxoziho HeHaMarHnneHHoro 
MaTepna^a h MaTepna;ia, no6biBaBiuero b 3HawrejibHOM (>0 t 05 T:i) MarraiTHOM 
no;ie, pa3JiireaioTCH, oco6chho b o6.iacra Ma^oro BHeiiiHero no/ia, r^e BHeuiHee w 

20 BHyTpeHHee (none HaMarHnneHHocTH) no.™ o6pa3ua cpaBHHMbi no Be.iHHHHe. 3to 
pa3,iHHHe xapaKTepH3yeTCH BepraKa:ibHbiM CMemeHHeM AZ cneicrpa npn HyjieBOM 
no/ie (c|)Hr. 6). KpoMe Toro, npn T < T G b MaTepnajie Ha6;noziaeTCfl 3aMeTHan 
3aBMCHMocTb Be^iprMHHbi AZ ot cKopocTH pa3BepTKH BHeuiHero MarHHTHoro nOJIH. 
3to yKa3biBaeT Ha Ma-iyio CKOpocTb MarHHTHOM pe.iaKcauHH b TOHicon-ieHOHHOM 

25 MarHHTHOM MaTepnajie, hto TaK>Ke xapaKTepHo rah MarHHToynopflaoneHHoro 
coctohhhh. Oco6eHHOCTH cneKTpOB MHKpoBo.iHOBoro nomomeHHH, aHa^orHHHbie 
nojiynenHbiM b TOHKonjieHOHHOM MarHHTHOM MaTepnajie, Ha6;iaaaioTCH TaK^ce b 
(|)eppoMarHHTHbix n-ieHKax ua ocHOBe y-Fe20 3 (4)Hr. 6), hto noOTBep^aeT 
Ha;iHMHe 4)eppoMarHHTHoro ynopHaoneHHfl b 3a*BJineMOM TOHKon^eHOMHOM 

30 MarHHTHOM MaTepnayie. ToHKon^eHOHHbiH MarHHTHbin MaTepHa-i, 
cc|)opMHpoBaHHbiH b BHfle c-iohctoh MOJieKy-inpHOH cTpyKTypw (n;ieHKa 

JIeHrMK)pa-B^OA>KeTT CTeapHHOBOH KHCJIOTbl) C BKJIIOHeHHblMH b Hee 
ynopHAOHeHHblMH £ByMepHbIMH MOHOCJIOHMH HOHOB MarHHTHOTO pe^K03CMe7IbHOrO 

MeTaiiiia raflojiHHHH o6;iaAaeT MarHHTHbiM ynopHfloneHHeM yace npn TeMnepaType 
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mime 470 K. Hpii stom stot MaTepnaji o6jiasaeT BbicoKon cTa6n- f ibHOCTbio m 

OflHOpOflHOCTbK) CTpyKTypbl (b TOM HHCJie BblCOKOH VnOp5UOHeHHOCTbIO VI 

n jiOTHOCTb K) ynaKOBKH hohob raao-aMHHH b n^ocKocTH c.toh, cpe^Hee paCCTOHHHe 
Mexcay MOHaMH raao^HHun 3,9 E), a taioice pery^npHocTbio c.iohctoh crpyicrypbi. 



npOMbimjieHHan npHMCHHMOCTb 

3a^B-iHeMbiM cnoco6 noJiyneHHH tohkmx njieHOK no3Bo;ifleT no^iynaTb 
cBepxTOHKMe noKpbiTHH co cBoiicTBaMH, H3MeHHiomHMMCH onpese/ieHHbiM 06pa30iM 

B 3aBHCHMOCTH OT TOiHIIHHbl TTOKpblTMH . HMeeTCH B BHZiy B03MO>KHOCTb 3aaaHHbIM 

10 o6pa30M BapbMpoBaTb HOHHbifi cocTaB bo^hoh c})a3bi noA MOHOC.IOeM M no^VMaTb 
JIB FLieHKH C pa3JIKHHbIMH HOHaMH, BCTpOeHHblMH 3aaaHHbiM o6pa30M Ha 
onpe^e^eHHoii r.iy6HHe mhotoctohhoh rmeHKH. rioKpbiTHfl MoryT npwMeHHTbCH 
A-ih 3amHTbi noBepxHocTH MarHHTHbix ahckob, onTHHecKHX ahckob h apyrwx 
noBepxHOCTeft. Jl eHTM lopoBCKHe n.ieHKH, coAep>KamHe MarHHTHbie 

1 5 peAK03eMewibHbie woHbi h o6jiaaaioiUHe cooTBeTCTBViomeM MarHHTHoii 
ynopnziOMeHHOCTbio, MoryT Hcno;ib30BaTbCfl b ycTponcTBax MarmiraoH 3anHCH 

HH(|)OpMaUM» B KaHeCTBe CBepXTOHKHX MarHHTHblX n.ieHOK, b ycTponcTBax 
HHTerpa.lbHOH OnTHKH , He,lHHeHHO-OnTHHeCKHX CHCTeMaX , MarHHTO-OnTHMeCKHX 

CHcre.Max, a Taioice s/m zjik pa3pa6oTKH cj^yHKUHona.ibHbix 3^eMeHTOB b 

20 3.ieKTpOHHKe H HaHOTeXHO-lOTHH. 



5 
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CDOPMYJIA H30EPETEHHJI 



1. ToHKonjieHOHHbiw MarHiiTHbnl MaTepna.1, co/iep>KamMH oprarornecKoe 
coeAMHeHMe, xhmkmcckh cB*3aHHoe c mommm MeTan.ia, oT.iiiMatomniicH TeM, hto 

5 OH BbinOJIHeH B BMAe C-IOHCTOH MOJieKVJIflpHOH CTpyKTVpbl ^eHTMIOpOBCKOU 
n-ICHKH C BK-IIOHeHHblMH B Hee N > 1 ynOpHAOHeHHblMH ^ByMepHblMH MOHOC.IOHMM 

hohob pej3KO3eMe^bH0ro MeTa.i-ia. 

2. ToHKon.ieHOHHbiM MarHHTHbul MaTepna.! no n. 1., OTJiireaiomHHcn TeM, hto 
Hapn/iy c HOHaMM peAK03eMe;ibHbix MeTajuioB b Hero BBe^eHbi hohh apyrnx 

10 sjieMeHTOB, TaKwx KaK me^oHHbie MeTajuibi h nepexo/iHbie a/ieMeHTbi. 

3. ToHKon.TeHOMHbiH MarHHTHbiH MaTepHa.i no n. I.hjih n. 2., oTJWHaiomHHca 
TeM, hto b KanecTBe peai<o3eMe;ibHoro MeTa/uia Hcno;ib3yioT raao:iHHHH. 

4. ToHKonjieHOHHbiH MaTepna.i no n. 1., OTJiHHaioinMiicfl TeM, hto b KanecrBe 
opraHi«ecKoro coesHHeHHH Hcno.ib3yiOTCH HcnpHbie khcjiotm. 

15 5. ToHKon.ieHOHHbiit MaTepHa.1 no n. 1., OTJiHHaKDiiiHHCH TeM, hto b KanecrBe 

OpraHHHeCKOrO COeAHHeHHH HCnOJIb3yK)TCH aM(|)Hcj)H;ibHbie npOH3BOAHbie 

cj)occj)opHOH KMc^oTbi, HanpHMep, opraHO^occ^oHaTbi . 

6. Cnoco6 no^iyneHHH TOHKon;ieHOHHoro MarHHTHoro MaTepna.ia, 3aK;noHaiouiHHCfl 
b c^opMMP 01331 ™* 1 n.iaHapHOH MeTa^i-co^ep^cameH MO/ieKy,iHpHoft cTpyicrypbi 

20 JieHrMiopoBCKoii njieHKM nyTeM nepeHoca mohoc.ioh opraHwnecKHX MOJiei<y;i c 

nOBepXHOCTH BOflHOH 4> a3bI Ha nOA-IOHCKy, OTJIWHaiOlUHHCH TeM, HTO B BOAHyK) 

<£>a3y AonojiHHTejibHo bboziht c:ia6bie 3apHHceHHbie KOMn.ieKconbi, o6pa3yiouiHe c 
HOHaMH MeTajLia HefrrpajibHbie h cjia6o 3apHHceHHbie KOMniieKcbi. 

7. Cnoco6 no^yneHHH TOHKonjieHOHHoro MaTepHa^a no n. 6., oTJiHHaiomHHcn tcm, 
25 hto b Bo/myio cj)a3y aonoJiHHTejibHo bboaht c,ia6bie 3apn>KeHHbie MOHOfleirraTHbie 

KOMn/ieKcoHbi HanpHMep, aueTaT, npwneM b BO/myio cj)a3y bbo/jht hohh z- 
BajieHTHbix MeTa/uioB, r^e z > 3, KOTopbie o6pa3VK>T co c^a6biMH 

MOHO/ieHTaTHbIMM 3apH>KeHHbIMH KOMnjieKCOHaMH HeHTpa,TbHbie n 

c^a6o3apn>KeHHbie MOHozieHTaTHbie KOMn;ieKCbi, npennTCTByiomHe o6pa30BaHHio 

30 npH aACOp6lXHH My.flbTH3apHAHbIX KaTHOHOB MeTajLia 3-ieKTpHHeCKOrO 

noBepxHocTHoro 3ap*ma Ha /ieHTMiopOBCKOM MOHocroe h o6*beMHoro 3apn/ia b 
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cj}opMHpyeMbix n.ieHKax. 

8. Cnoco6 no^yMeHH^ TOHKonjieHOMHoro MaTepnajia no n.n. 6 hjih 7, 

OTJIHHaiOIIIHHCH TCM, HTO (J)OpMHpOBaHHH MOJieKV/IflpHOH CTpVKTypbl 

.leHrMiopoBCKoii n-ieHKH Hcno-ib3yiOT MO-aeicy.ibi, coaep>Kamne no;niMepn3yeMbie 
5 XMMHMecKMe rpynnbi, a noc;ie c|)opMMpOBaHHH zieHrMiopoBCKoro mohocioh h/h;ih 
MeTa.i.i-coziep^cameH n-ieHKH Aono^HHTe^bHO ocymecTB.iHKrr no;iHMepn3amiio 

MOJieKy.lHpHOH CTpyKTypbl n.ieHKM. 



9. ToHKonjieHOMHbiM MarHHTHbifl MaTepua,?, noJiyMeHHbiM cnoco6oM no ;no6oMy M3 
nn.6-8. 
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